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It  has  been  shown  elsewhere that  the  life expectancy of  tuberculous  mice 
can be markedly shortened by adding to  their diets dinitrophenol or thyroid 
extract in amounts sufficient to interfere with the normal growth of uninfected 
animals  (1,  2).  The  experiments now  to be described demonstrate  that  these 
treatments  similarly  increase  the  susceptibility  of  mice  to  staphylococcal 
infections. 
EXPERIMENTAL 
Cultures.--The infection  tests were carried out with two different  cultures of hemolytic 
staphylococcus:  one  strongly coagulase-posifive  (strain Smith, phage  type 44A.42E),  the 
other weakly eoagulase-posifive  (strain MAM). The virulence  and  other characteristics of 
these two strains have been presented in the first paper of this series (3) which describes also 
the techuiques  used for measuring  the course and severity of the infectious process. Further 
information concerning  the diets, and  the effect  of dinitrophenol and  thyroid extract on 
normal mice, is presented in reference 2. 
Effect  of Dinitrophenol  and Thyroid Extract,  Given in the Drinking Fluid, on 
the Survival  Time  of Mice  Infected  with Coagulase-Positive Stapkylococci.-- 
Mice 5 weeks old were fed pellets ad l/b. They were divided into three groups which re- 
calved as drinking fluid either one of the three following solutions ad I/b. : (a)  1 per cent so- 
dium chloride;  (b) 0.01 per cent dinitrophenol in 1 per cent NaCI; (c) 0.03 per cent thyroid 
extract in 1 per cent NaC1. The animals were infected with 0.1 ml. of culture of coagulase- 
positive staphylococcus  Smith 2 weeks after first being put on the experimental regimens; 
these were given throughout the period of observation (Table I). 
It is obvious from  the results presented in Table I  that  the  death of mice 
infected with staphylococci was markedly accelerated by adding to their drink- 
ing  fluid  either  dinitropheuol  or  thyroid  extract.  As  previously  shown,  the 
amounts of these substances added to the diets were sufficient to interfere with 
the growth of uninfected control animals but not large enough  to cause their 
death. 
* The experiments  described in this paper have been presented by Dr. J. Maclean Smith 
as part of a thesis for the degree of M.D. in the University of Glasgow. 
Present Address: The Department of Medicine, University Hospitals, Iowa City. 
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Effect of Thyroid Extract Added to the Food on Survival of Mice Infected with 
CoaguIase-Positive Staphylococci.-- 
Thyroid extract in various concentrations was added to a mixture of wheat flour (66 per 
cent), dried milk (33 per cent), and salts (1 per cent). These ingredients were resuspended in 
an equal weight of 8 per cent gelatin solution, the mixture allowed to gel in the ice box, and 
the food given ad lib. to mice in the form of gelatin cakes. It was found that any amount 
of the hormone in excess of 300 to 500 mg. per kg. of food was likely to cause the death of 
a certain percentage of animals (non-infected) within a period of 2 weeks. In contrast, none 
of the uninfected mice died when the concentration of thyroid extract was 300 mg. per kg. of 
diet provided the animals were not crowded in their cages and were never left without food 
and water. 
TABLE I 
Effeci of Dinitrophenol and Thyroid Extract on the Susceptibility of Mice to Coagulate- 
Positive Staphylococci 
Drinking fluid  Time of death 
Saline 
0.01 per cent DNP* 
0.03 per cent thyroid extract* 
Saline 
0.01 per cent DNP* 
0.03 per cent thyroid extract* 
5~  9  9  12 
5  7  7  7 
3  5  5  5 
7  9  9  14 
13  5  5  5 
i 
4  5  5  5 
I 
days 
14  27  28  --~  --  -- 
9  9  12  12  --  -- 
5  5  6  6  7  7 
5  6  6  7  7  -- 
5  5  6  6  7  7 
* Given ad lib. in 1 per cent sodium chloride. 
The figures indicate the numbers of days after infection at which death  occurred; the 
sign  --  indicates  survival.  Non-infected  control  animals  receiving the  dinitrophenol  or 
thyroid extract solutions were still living, but stunted in size, at termination of the experi- 
ment. The results correspond to two independent experiments. The first was terminated 30 
days and the second 14 days after infection. 
Many experiments have been conducted during the past 2 years to test the 
survival time of mice fed a  diet containing 300 mg. thyroid extract per kg. of 
food  and infected with coagulase-positive staphylococci. In all these  experi- 
ments feeding the thyroid diet was begun from 5 days to 2 weeks before infec- 
tion,  and  was  continued throughout  the  period  of  observation. The  results 
presented in Table II A  are typical of those obtained in many similar experi- 
ments. 
Table IIB  presents in a  summarized form the findings in six experiments 
carried out over a period of 2 years. Taken together, the results shown in Tables 
II A  and II B  demonstrate that addition to the diet of thyroid extract in the 
proportion of 300 mg. per kg. greatly shortened in all cases the life expectancy 
of infected mice. A similar effect was obtained even when the concentrations of 
hormone in the food was much smaller (Table III). 
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achieved with thyroxine. The hormone was added to the diet in the form of a 
solution  in  sodium  carbonate  for  2  weeks  before  infection.  The  increase  in 
mortality resulting from the addition of 0.1 to 1 rag. of thyroxine per kg. of diet 
was of the same order as that reported for crude thyroid extract. In contrast 
iodine and 3:5 diiodotyrosine (National Biochemical Corporation,  Cleveland) 
appeared to be without effect on infection. The former substance was added in a 
range of 1 to3 gin. and the latter in a range of 0.25 to 4.0 rag. per kg. of diet. 
Mice having received the diets supplemented with the various concentrations 
TABLE II A 
Effect of Thyroid Extract on the Susuptibility of Mice to Staphylococci 
Strain 
Smith 
¢c 
MAM 
*c 
Coagulase 
Strong 
Weak 
¢c 
Thy- 
roid* 
No 
Yes 
No 
Yes 
Time of death a~ter infection 
s§  11  -§ 
1  5  5  5  11  11  11 
m 
6  8  12  14  14 
Survivors 
10 
5 
* 300 mg. thyroid extract per kg. of food. 
Out o/10. 
§ The figures indicate the number of days at which death occurred following intravenous 
injeefionwit h 0.1 ml. of culture Smith. The sign (--) indicates survival, when the experi- 
ment was terminated 2 weeks after infection. 
TABLE  IIB 
Effect of Diets Containing 300 rag. Thyroid Extract per kg. of Food (Dry Weight) on the 
Survival of Mice Infected with Coagulase-Posltive Staphylococci* 
Diet  No. of deaths within 14 days 
Control  5/12  [  2/10  0/10  0/10  5/10  4/10 
Thyroid  10/12  [  7/10  7/10  6/10  10/10  10/10 
* Results of 6 experiments carried out over a period of 2 years. 
of iodine  or of 3:5  diiodotyrosine were no more susceptible to  staphylococci 
than those fed the normal diets. 
Effect of Thyroid Extract on Mice Infected with Non-Virulent  Staphylococci.-- 
In experiments not to be reported here, it has been found that dinitrophenol 
and  thyroid  extract administered  in  the  proper concentrations  either in  the 
drinking  fluid or in admixture with  the food increased  to various extent  the 
susceptibility of mice to infection with tubercle bacilli,  pneumococci, strepto- 
cocci, dysentery bacilli, and salmonella. In fact, a certain percentage of mice so 
treated also succumbed as a result of BCG infection (1, 2). Likewise, mice fed 
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intravenous route with 0.I ml. of the staphylococcus culture  MAM  (Tables IV 
and V). As shown in the first  paper of this  series,  mice fed a normal diet  con- 
sistently  overcome infection  with this  culture,  even when the infective  dose is 
increased to 0.2 ml. 
The greater susceptibility  to infection  with culture MAM  of mice fed the 
thyroid diet  suggested that the hormone might directly  or indirectly  stimulate 
the multiplication of the staphylococci in the animal tissues. The following 
experiment was carried  out to test  this  hypothesis. 
TABLE III 
Effect of Concentration  of Thyroid Extract in the Diet on the Susceptibility o/ Mice to 
Coagulase-Positive  Staphylococci 
Thyroid*  Time of Death~ after infection  Survivors§ 
0 
37 
75 
150 
300 
days 
5  11  ...... 
5  5  5  5  6  11  -  - 
5  5  6  7  11  11  -  - 
5  5  5  6  7  11  -  - 
1  5  5  5  11  11  11  - 
--  M 
m 
--  m 
--  m 
m 
* Milligrams thyroid extract per kilogram of food. 
:~ Out of 10. 
§ The figures indicaf~ the number of days at which death occurred following intravenous 
injection with 0.1 ml. of culture Smith. The sign (-) indicates survival, when the experi- 
ment was terminated 2 weeks after infection. 
Mice were fed a diet consisting of 66 per cent wheat flour, 33 per cent skim milk, 1 per 
cent salts. The diet was resuspended in an equal weight of 8 per cent gelatin solution and the 
mixtures allowed to gel in the ice box. Another diet was prepared with the addition of 300 
nag. thyroid extract  (added to the gelatin solution) per kg. of diet of the same composition. 
Both diets were given ad Hb. (as well as water) for 2 weeks before infection. ALl animals were 
then infected by the intravenous route with 0.1  mi. of culture MAM grown in beef heart 
infusion-peptone broth for 18 hours at 37°C. Three animals of each group were sacrificed at 
various intervals of time after infection: 1 minute, 1 hour, 1 day, 2 days, 4 days, 1 week. The 
number of living staphylococci in their organs was determined by quantitative bacteriologic 
techniques. The results of two independent experiments are tabulated in Tables IV and V. 
The results presented in Tables IV and V show that treatment with thyroid 
extract did not affect in any detectable manner the initial distribution of the 
staphylococci in the various organs. This is shown by the fact that the numbers 
of colonies recovered from the organs of animals sacrificed 1 minute after in- 
fection were identical in the normal diet and thyroid diet group (Table IV). A 
decrease in the numbers of colonies that could be recovered from the lungs and 
kidneys was already evident within 1 hour after infection in both groups of mice 
(compare Table V and Table IV) and became very marked after 1 day. There 
was a  suggestion in the results at the  1 day period that the animals fed the 
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eliminating the staphylococci from their organs. However,  this difference be- 
tween the two groups did not persist, the numbers of colonies recovered from 
the lungs, liver, and spleen soon falling to a  very low level in all animals. In 
the kidneys, evidence of increase in the bacterial population became apparent 
TABLE IV 
Effect  of  Feeding  Thyroid  Extract  on  the  Fate  of  Weakly  Coagulase-Positive  Staphylococci 
(MAM)  in the Organs of Mice 
Time after Infection 
1 min. 
7 days 
14  " 
28  " 
1  rain. 
7 days 
14  " 
28  " 
I  Inin. 
7 days 
14  " 
28  " 
1 rain. 
7 days 
14  " 
28  ,t 
Organ 
Liver 
,c 
c¢ 
Spleen 
t, 
4¢ 
,¢ 
Lung 
tc 
tc 
c, 
Kidney 
ct 
g, 
,t 
Log No.* of staphyloccoccus  colonies recovered from mice fed 
Control diet  Thyroid diet 
7.75*  7.62  7.53 
o~;  o  o 
1.45  4.53  4.60 
0  0  0 
5.98  6.15  6.15 
2.40  ?  1.15 
0  0  0 
0  0  0 
6.53  6.73  6.35 
2.93  0  0 
1.75  3.30  3.05 
3.97  4.81  1.45 
6.23  6.20  6.15 
4.93  4.93  5.85 
0  4.68  4.15 
0  4.85  0 
7.65  7.85  7.85 
0  4.45  0 
0  D  D 
D  D  D 
6.56  5.98  6.60 
0  2.91  0.45 
0  D  D 
D  D  D 
6.53  6.75  6.65 
0  3.45  0 
0  D  D 
D  D  D 
6.23  6.15  6.53 
1.75  6.93  ? 
0  D  D 
D  D  D 
* The figures in the tables are the logarithms of 10 of the numbers of colonies recovered 
per milliliter of blood, or per whole liver, spleen, lungs (both),  or kidneys (both) for each 
animal tested.  Four animals were studied for each interval of  time, except in cases where 
deaths had occurred (indicated by the letter D).  The individual animals occupy the same 
relative  position for each organ in the vertical  columns; they are entered in the order in 
which they were tested. 
0 indicates that no colony was recovered at any dilution tested. Because of the limita- 
tions of the enumeration technique, 0 really means that the logarithms of the numbers of 
living staphylococci per milliliter of blood or per organ was <3.23. 
on the  2nd day--indicating the beginning of abscess formation--whether or 
not mice had received thyroid extract in their diet. 
Other experiments of the same pattern were instituted to test the effect of 
thyroid extract  and dinitrophenol on  the  fate  of virulent coagulase-positive 
staphylococci in the organs of mice, with results similar to  those presented in 
Tables IV and V. 
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colonies of the strain Smith recovered 1 and 2 days after infection from the 
organs of mice fed the thyroid diet were larger than in the case of animaLs fed 
the normal diet. 
Table VII presents the results of an independent experiment in which mice 
were infected with the virulent strain  Smith  1 week after being placed on a 
normal thyroid or dinitrophenol diet. No consistent difference could be detected 
TABLE V 
E.ffect of Feeding Thyroid Extract on Fate of Weakly Coagulase-Pos~iv¢ Staphylococci (MAM) 
in the Organs of Mice 
Time after Infection 
1 hr. 
1 day 
2 days 
3  " 
1 hr. 
1 day 
2 days 
3  " 
1 hr. 
1 day 
2 days 
3  ~¢ 
1 hr. 
1 day 
2 days 
3  ~ 
Log Numbers* of Staphylococcus  Colonies Recovered  from 
Mice Fed  Organ 
Liver 
Spleen 
Lung 
¢c 
4¢ 
Kidney 
4~ 
4C 
Normal Diet 
7.49  7.20 
4.38  0 
3.53  ? 
0~  0 
6.03 
3.83 
3.23 
0 
5.28 
0 
0 
0 
6.66 
3.53 
0 
3.23 
4.66 
0 
5.81 
0 
4.97  4.98 
5.40  4.34 
0  8.46 
4.88  5.98 
8.00  7.28 
3.53  4.55 
4.08  3.23 
0  0 
6.59  5.49 
3.23  3.71 
3.23  3.23 
3.23  3.23 
5.00  4.59 
0  3.71 
5.61  0 
0  0 
4.49  3.53 
3.23  4.73 
0  0 
5.02  3.53 
Thyroid Diet 
7.~  7.~ 
4.92  4.76 
4.~  4.~ 
3.23  D 
6.31 
5.13 
3.71 
3.23 
4.71 
0 
3.53 
3.23 
6.72 
4.49 
0 
D 
4.68 
5.46 
6.13 
D 
4.57  3.71 
0  3.23 
5.89  6.69 
0  D 
*, ~ Legend as in Table IV. 
amongst the three groups in the numbers of colonies recovered from the blood, 
liver, lungs, spleen, and kidneys of animals sacrificed I  day, 2 days, or 4 days 
after infection. 
Histologic studies were made of the organs of mice fed the thyroid diet for 
1 week before infection with the Smith culture. The organs removed 1 day or 
7 days after infection were fixed  with neutralized  formalin and stained with 
hematoxylin and eosin. The pathologic changes seen in the tissues were qualita- 
tively the  same as  those seen  in  infected mice fed  the  control diet  (3)  and 
differed only in being more severe. 
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TABLE  VI 
E~ect of Feeding Thyroid  Extract  on Fate of Coagulase-Positi~e Staphylococci (Smirk)  in tke 
Organs of Mice 
rime  after lnfection 
1 day 
2 days 
3  " 
4  " 
1 day 
2 days 
3  " 
4  " 
1 day 
2 days 
3  " 
4  " 
1 day 
2 days 
3  " 
4  " 
Organ 
Liver 
~c 
Spleen 
Lung 
4e 
~e 
lc 
Kidney 
Log Nos. * of staphylococcus colonies recovered from mice 
fed 
Normal diet 
5.51  5.86  5.57 
4.77  4.38  4.95 
5.49  3.93  4.79 
3.53  4.85  3.23 
5.94  6.14  5.53 
3.71  4.28  4.08 
3.23  3.83  3.71 
0~  3.71  3.23 
4.87  4.40  4.23 
3.83  3.71  5.83 
4.28  5.23  5.34 
4.87  5.01  4.43 
7.08  7.14  6.34 
3.93  8.09  8.18 
9.99  8.55  8.81 
9.28  8.49  10.34 
Thyroid diet 
5.55  5.53  6.84 
5.91  6.43  5.46 
5.88  5.88  5.88 
6.17  3.23  D 
5.66  5.51  5.75 
5.06  5.49  5.51 
5.51  5.40  5.87 
3.83  0  D 
0  3.71  5.02 
4.80  5.43  6.28 
4.61  4.75  ? 
7.31  3.53  D 
6.16  6.49  7.59 
8.17  9.83  8.31 
8.63  12.23  5.53 
9.88  7.95  D 
*, ~ Legend as in Table IV. 
TABLE  VII 
Effect of Feeding  Dini#ophenol  on  Thyroid  Extract  on the  Fate of Coagulase-Posilivs 
Staphylococci (Smith)  in the Organs of Mice 
Time after 
infection 
l day 
2 days 
6days 
1 day 
2 days 
6 days 
1 day 
2 days 
6days 
1 day 
2 days 
6 days 
Organ 
Liver 
~pleen 
Lung 
cl 
c* 
Kidney 
Log Nos.* of staphylococcus colonies recovered from mice fed 
Normal diet  Thyroid diet 
5.82*  6.08  5.55 
5.01  4.68  5.04 
0~;  3.23  3.71 
6.31  6.34  6.49 
5.13  4.01  4.75 
0  0  0 
4.38  3.83  4.38 
0  4.01  4.34 
0  5.53  0 
5.86  5.15  5.04 
3.71  6.01  8.12 
0  10.01  9.90 
Dinitrophenol diet 
5.6~  5.79  5,40  5.38  6.31 
5.23  5.31  3.40  4.31  5.38 
D  0  3.23  3.83  D 
5.63  6.05  5.69  5.65  5.53 
3.23  4.95  4.93  0  5.38 
D  ?  o  3.71  D 
4.08  5.22  4.18  3.23  5.71 
4.01  0  5.76  3.23  3.71 
D  4.40  3.53  4.01  D 
5.81  6.11  5.57  6.15 
5.77  5.49  6.01  5.91 
3.93  4.13  3.23  3.23 
6.20  6.00  5.31  5.98 
5.55  6.16  5.40  5.57 
?  3.23  0  0 
4.28  3.85  0  4.69 
4.55  4.13  0  4.49 
?  5.40  0  0 
5.57  8.23 
5.43  7.43 
D  9.55 
5.01  5.63 
7.86  0 
0  9.04 
6.40  5.13 
6.68  8.06 
D  10.38 
4.55  6.40  5.49 
8.31  4.01  7.90 
9.23  9.02  0 
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to attribute  to an enhancement of bacterial proliferation  the increase in sus- 
ceptibility to infection caused by thyroid extract or dinitrophenol. The greater 
mortality rate in mice infected with staphylococci and having received these 
drugs may be merely an expression of the fact that the  latter  increased in  a 
non-specific manner the susceptibility of the animals to toxins or other bacterial 
products. More exacting techniques of investigation will be needed to determine 
the extent to which treatment with thyroid extract and dinitrophenol can inter- 
fere with the clearing mechanisms or bactericidal power of the various organs. 
SUMMARY 
Mice were given daily per os amounts of dinitrophenol or of thyroid extract 
sufficient to prevent or retard the normal weight gain of uninfected animals, 
but not large enough to cause their death. 
When mice maintained on these regimens for 1 or 2 weeks were infected with 
staphylococci, most of them died within 12 days--much more rapidly than did 
mice fed a normal diet. Deaths occurred even when the organism injected was 
a non-virulent staphylococcus, unable to cause fatal disease in mice fed a normal 
diet. 
There  was  some  suggestion  that  thyroid  treatment  interfered  with  the 
bactericidal mechanism in  the  liver, spleen,  and kidneys of mice during the 
initial phase of infection. In contrast there was no clear evidence at any time 
thereafter that either thyroid extract or dinitrophenol caused the staphylococci 
to multiply more rapidly in the various organs. 
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